The electronic supporting information contains details of all synthesis of thermo-responsive diols and polyurethanes (SI 1-2), TGA curves (SI 3), FTIR analysis (SI 4 and 9), swelling tests (SI 5), DMA (SI 6 and 7), mechanical recovery (SI 8) and scratch recovery tests (SI 10 and 11).
SI. 1. Synthesis of thermo-responsive diols
The synthesis of monomers maleimide, furfuryl and anthracene diols (respectively named MAL(OH) 2 , FUR(OH) 2 and ANT(OH) 2 hereafter) were inspired by the four-step synthesis strategy proposed by Tonga et al. 1 . The general reaction pathway is summarized on Fig. SI. 1 . and synthesis conditions are described in details in the following section. Electronic Supplementary Material (ESI) for RSC Advances. This journal is © The Royal Society of Chemistry 2017 SI. 1.1. Synthesis of 2,2'-Bis(hydroxymethyl) propionic acid acetonide [1] . 50 g of 2,2'-Bis(hydroxymethyl) propionic acid (bis-MPA) (0.372 mol), 3.55 g of p-toluenesulfonic acid monohydrate (0.018 mol) and 69 ml of 2,2-dimethoxypropane (0.559 mol) were dissolved in 250 ml of acetone. The reaction mixture was stirred 3 h at room temperature. After neutralization of the catalyst with 5 ml of a solution of 25 % NH 3 in MeOH (7 N), the solvent was evaporated. The residue was dissolved in 1 l of CH 2 Cl 2 and extracted with two portions of water (2*100 ml [2] (23.4 mmol), 1.68 g of DMAP (13.7 mmol) and 10.89 ml of pyridine (135.1 mmol) were added. The mixture was stirred at ambient temperature for 12 h followed by quenching of excess anhydride with (1:1) mixture of pyridine and water (12 ml).
The reaction mixture was extracted with 1 M NaHSO 4 (3*20 ml), 10 % Na 2 CO 3 (3*20 ml) and brine (1*20 ml 
SI. 1.3.c. Synthesis of ANT Acetonide [3''']
The procedure for the synthesis of FUR Acetonide is the same as the one described in section SI.1.3.a. MAL(OH) is replaced by 9-methanol anthracene and a yellow solid is obtained [3'''](7.84 g, 78 % 
SI. 2. Synthesis of single-component self-healing polyurethanes
The synthesis of the single-component protected polyurethane is sketched on Fig. 1 of the manuscript. The investigated compositions are summarized in Table 1 of the manuscript.
Typically, polypropylene glycol, MAL(OH) 2 and FUR(OH) 2 were introduced in a 100 ml twonecked round bottom flask under inert atmosphere and solubilized in 20 ml of anhydrous DMF. Hexamethylene diisocyanate (HMDI) was then introduced and the solution was stirred for 5 min. Finally, dibutyltin dilaurate (DBTDL) was added (100 µl) and the reactive mixture was stirred for 6 h at 70°C. Finally, the solution was poured in petri-dishes and placed in a ventilated oven to remove solvent till constant weight.
Note that the synthesis of irreversible polyurethane networks was similar as the aforementioned procedure, replacing FUR(OH) 2 by ANT(OH) 2 .
The structure of the single-component protected polyurethane was attested by 1 H-NMR in DMSO-d6 ( Fig. SI.2 . here for the composition PU2).
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Fig. SI. 2. 1 H-NMR spectrum of protected PU2 (in DMSO-d6)
1 H-NMR spectroscopy was used to quantify the content of thermos-responsive moieties (furan and maleimide) in the synthesized polyurethanes as previously reported (Table SI. 2). 2 
SI. 3. Thermo-gravimetric analysis of furan-protected and deprotected polyurethanes
TGA curves of furan-protected and deprotected polyurethanes are presented on Fig. SI. 3 (for composition PU2). A clear additional weight loss (8 wt%) was observed at 137°C for furan-protected PU2, corresponding to furan removal. Wavenumber (cm -1 ) protected deprotected Fig. SI. 4 . ATR-FTIR spectra of furan-protected and deprotected PU2
SI. 5. Swelling tests of the polyurethane networks
The results of the swelling tests of the polyurethane networks are summarized in Table SI .5.
Samples were swelled in DMF at 25°C for 24 h and the swelling tests were replicated to get the insoluble fraction and the degree of swelling. SI.6 . After the retro-Diels-Alder transition at 140°C [1], two transitions are observed during the cooling ramp [2] and are respectively attributed to the recrosslinking of the Diels-Alder adduct and of the PUR network.
[1] [2] Fig. SI. 6. DMA of PU2 at slow cooling rate (2°C.min -1 ) DMA analysis of PU1 and PU3 are presented respectively on Fig. SI. 7a and Fig. SI. 7b . The chemical irreversibility of PU2 anthracene/maleimide network was attested by FTIR spectroscopy (Fig. SI. 9) . The absence of reappearance of maleimide bands after heating treatment (130°C, 2 h) confirms the absence of reversibility at the investigated temperatures. The scratch recovery of irreversible PU2 was attested by optical microscopy after heating treatment (20 min, 130°C) ( Fig. SI. 10 ).
(a) (b) Fig. SI. 10 . Scratch recovery of irreversible PU2 prior (a) and after heating treatment (b) (20 min, 130°C) 
